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NATIONAL ADVISORY COMMITTEE FOR AERONWAUTICS

TECHNICAL NOTE NO. 890 --

PRESSURE DISTRIBUTION ON THE FUSELAGE OF 4
MIDWING AIRPLANE MODEL AT HIGHE SPEEDS

By Jameg B. Delano

SUMMARY

The pressure distribution on the fuselage of a mid-
wing airplane model was measured in the NAGCA 8-foot high-
speed wind tunnel at speeds from 140 to 440 miles per
hour for 1lift coefficients ranging from -0.2 ‘to 1.0. Ths R
primary purpose of the tests was to provide data showidng ™ ~—~——
the alr pressures on various parts of the fuselage for - -
use in gtructural design. The data may also be used for
the design of scoops, and vents‘

The results show that the highest negative pressures
" occcurred near the wing and were more dependent on the
wing than on the fugelage. At hlgh gpeeds, the magnitude
of the pressure coefficients as predicted. from presslire

. coefficients. experimentally determined at- low speeds by

epplication of the theoretical factor 1/ 1 - M2 (where

# 1s the ratio of the airspeed to the speed of sound in
air) may misrépresent the actual conditions., At the

points where the maximum negative pressures occurred,
however, the variation of the pressure coefficients was =~
in good agreement with the theoretical factor, indicating
that this factor may afford satisfactory predictions of
critical gpeed, at least for fusgselages similar to the
shape tesgted. e

INTRODUGCTION

The local pressures on some parts of the fuselagss
of high-gspeed airplanes are so large that they must be
considered in the gtructural design, especially of guch
parts as doors over bomb bays and other openings. The
primary purpose of the pregent investigation was to pro- =~
vide data useful in the structural design of stugh parts.’
The ‘dataare also useful for the design bf air écoops
and vents (reference 1). - f T
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The tests were -made in the NACA 8~foot high—~speed

wind tunnel (reference 2) with a model wing mounted on .
2 model fugelage without "propeller or tail gurfaces. The +
test espeeds were extended up to 440 miles per. hour to
ascertain the effect® of compressibility on the pressures.
The fuselage angleg .of attack ranged from -39 to 9° corre-
sponding to lift coefficients from =0.2 to 1. U. The )
Reynolds nuiwber range, based on the mean chord of the _ S
model (17.2% in.), was 1,700,000 $o0'4,800,000.

APPARATUS AND METHOD l

: . The fuselage was a body of revolutlon of NAGA form s
111, (reference 4) modified to a finheness ratiao of 6.06.

The wing (fig. 1) was a l/8—scale model of the DC-3

transporit w1ng,-which.has a root secticdn of WACA 2215
profile,, and was set at.an incidence of -1% to the fuse-

lage. axis. The W1ng tips extended through the tunnel

wall to support the model. Tail sdrfaces and propeller T
were omitted. Thirty-nine pressure ‘orifices locatsd as

-shown in .figure 2 were used. Tha pressure tubeas were led

out of-the taill end of the fuselage (fig._l(b)) ‘and con- .
nected. to a mult1ple~tube mapometer where all the pres~

sures were photognaphlcally recorded at one time, Thia _
investigation was made in the ¥Aca 8- foot hlgh—spead wind »
tunnel, a- single-return, closed—throat w1nd tunnel of '
circular cross gection.

RESULTS

The results have been ‘corrected for congtriction ef-
fects and ‘are presented as nondimensional pressure coef~
ficientsg:

AP e = B
P = = N )
R
where

Ap looal static pressure on fuselabe léss static pressgure
' of-air stream

q dydemic pressure of air stream'{l/z-pve)

The Mach number M is the ratic of the airapeed to
the speed of sound "in air at the temperature of the tasta.
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In all the figures showing values of P for fuse—
lage angles of attack op = 0° and -6°, the values for
speeds below 200 niles per hour (M = 0,265) were taken
from cross plots against af; conseguently, experimental
points are not shown. The location of a Ppoint along any
meridian of thé:fuselage is given by =x/L, where x is
the distance along the axis of the fuselage measureéd from
the nose and I is the length of the fuselage, Flgure 3
is a plot of the 1ift coefficient for M = 0,182 (140 mph
at 590 F) for the fuselsge angles of attack used in these
tests, TFigures 4 to 8 present the pressure distribuitions
along various meridians of the fuselage as plots of P,
with the meridian angle w (fig, 2) and the fuselage
angle of attack as parameters, for M = 0,182, "X compar—"
~ison is shown in figure 9 between exPertmental pressures
obtained on the wing—fuselage combination and the theoret—
ical pressures on the fusslage alone and on the wing ‘alone
for ap = 0°. Figures 10 and 11 show plots of P ~along
the top and the bottom meridians (w = 0° and 180C¢), re—
spectively, with' af as a paramebter, for M = 0.182.

The variation of P with M at the different mérid—
ian angles .is shown in figures 12 to 16 for af = 09, A%
high speeds, the scatter of the experimeontal points in-—
Gcreases,. This increase is mainly dus to the use of mer—
cury to measure the pressurcs at high speeds; whereas
alcohol a2nd carbon tetrachloride were used at lower speeds.
The results for Qe = —1° wore essentlally the same as
those for af = 0° and are therefore omitted., Compari—
sons betweon the experimental variation with speed of the
maximum negative pressure coefficients an{ the theoretical

o
of P at M = 0, .are given in f1gp;§_l7.

variation given by Po,/~ 1 ~ M2, where P_ is the value

DISCUSSION

Figures 4 to 9 show, as would be expected, that the
higher negative pressures on the fuseclage surface occurred
near portions of the wing that produced the highest nega—
tive pressures. At low speeds, the preseéhcc of fThe wing
increased the maximum negative pressure coefficient on
the fuselage from P = —0,140 to:- —0,340. (See fig, 9.)
At 400 miles per hour, the load increased by 0.,24q, which,
at standard sea—level cdonditions, represents approximately
100. pounds per square foot, It is belleved that the in—
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crease in ailr loadsg will be higheér for proints closer to
the wing than for -thoge usaed in these tests.

Pigure 10 shows that ths maximum negative preasgure
coefficient along the top of the fuselage (w = 0°) 1ig
almost ‘directly proportional te qp; flgures 4 to 9
ghow that, along the 459 meridian, the rate of change of
the maximum negative pressure coefficient ise greater and
increases more rapidly as "Gy  is increased, at least
for the angles of attack uged in these tests. The prog-
gures over the fuselage alone weré not meagured, but e=
analysis of the pressures: ovel an airship hull reported
in reference 4 shows that the.magnitude of the maximum
negative pressures..on the.fuselage at large aungles of
attack will still be--largely dependent on the wing. g—
ures 5 and 8 show that an increaseée in agf from 0° to 9
may triple ‘the value 6f P. The maximum structural
loads, nevertheless, will generally occur at high spesds.

For two-diménsional flow:. a theorestical.variation
of the Bressure coefficient Wlth sneed 1s given by
l— C.-

(reference 5). ﬂuference ‘6 and the results
of tests in the -8-foodt high—speed wind tunnel and in
other tunnelg show that, for airfoxls. the theory may
underestimate the effect of speeld} the most probable cause
of the dlsérepancy is the asaumptlon made in the develop-
ment of the theary that the induced VGlOCltieB are negli-
gibly small. It Hhas’ sometimes been assumed that the vari-

: 3
ation of the pregsure: coefflcient given by Fo/v 1 - ¥

applies -to three- dimens1onal as well as to two-dimensional
flow. :

Figureps 12 to 16 indicate'that, where the value of
the pressure coefficient P was less than ~0.2 at low
speed, the coefficient decreased - that is, became more
negative - as the speed was increased. At points where
the value of P was between -0.1 and -0.2 at low sveed,
the coefficient remained virtually constant as the speed
was increased; and, at points where the value of P was
greater than -0.1 at low speed, the coefficient increamsed
as the gpeed was increased. This apparent dependence of
the type of pressure~coefficient variation on the magni-
tude of P may be a coingidence. “Thé type of variation
.may depend on.the.proximity. of. the wing -and may result
from.wing and fugelage pressurésg following different rates
of variation. There ig nedd for-fhrtheér investigation of
the way in which pregsureés vary:withk speed. At points
where the velus of P was greatesr than -0.1 at low apeeds,
the effect of compreseibility on the pressure coefficients
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wasg -opposite from that expected on the basis of two-~
dimensional thedry. The results show that; at high
speedsy- the magnitude of the pressure coefficients as ;.
predicted from pressure coefficients experimentally .de-
termined ‘gt low speed by application of the theoretlcal,

factor ' 1/ 1 = ME;'may misrepresent the ac%uai ed ndi-
tions. _ s

. At the points on the fumelage where the maximum

negatlve presaures ‘occurred, the effect oF compressibil—

ity on the prédsure coefficients agreed fairly well with

the variation given by “the two-dimension=al theory, as is

shown in figure’ 17.- ‘The broken ‘curve Yepresents the

theoret1cal valué 6f P “glven by 0/~/ - ME, The

agreement is quite satisfacﬁory up to M = 0 6 and indi~-

cates that the usé of this theoretical factor to calculate

maximum loads due t6 negdtive pressures, although ustally

not consérvative, may :be permissible. This agreemsnt .

also -indicates that the maximum negative pressure coeffi-

cients obtained from low-speed £68%5 to predict approxi-

mately the critical speed of the fué%lage. This conclu~-

sion should be considered tentative until investigated Dy

tests of. other models. _
Although these testgwﬁéde primarily to détermine the

air loads on the fuselage’ they show the effect of wing-

fuselage interference on the critical spesd of an mir-

plane. A comparison of the pressure distribution for

the fuselage alone with the presgsure digstribution for

the fuselage and the wing combined (fig. 9) indicates

that the critical speed of the fuselage in the presencs ot

of the wing will be lower than that of the fuselage alone

(about 140 mph at 599 F lower for this wing-fuselage com- :

bination). The interference of the fuselage will act . T

similarly to decrease the critical sgpeed of the wing and,

since the eriticel speed of the wing alone is generally

lower than the critical speed of the fuselage alone, the

wing of an ailrplane will generally have a critical speed

lower than the critical speed of the fuaelage. :

CONCLUDING REMARKS

1. The highest negative @ressures on the fuselage
occurred near the wing and were more denendeﬁt on the
wing than on the fuselage.

2. The resulis indicate that the critical speesd of
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the fuselage will be:decreased because of the-velocities
induced by the .wing. The fuselage Interference will
likewise ihacrease the loecal velocitics on the'wing and
thereby decrsase the critical speed. of the. wing. Inap-
much as the local velocities on the.wing are-usgually
higher then the local velocities on the. fuselage, the.
effect on the wing will be more critical. '

. At high speeds, the magnlitude of the pressure
coefficients as predicted by the epplication of the the- -
oretical_factor--l/V.l - hé (rhere 'k 1is the ratio of
the airspeed to the speed of sound in air) to pressure
coefficients measured at low speeds. may misrepresent the
actual conditions. At the points Where the maximum nega-
tive pressures occurred,. however, the variation of fthe
pressure coefficient with speed was in good agreement _ _ L
.with the factor .1/+ 1 -~ M, at least up to ¥ = 0.58
(440 mph &t B9° ¥),- and may give gatisfactory predictions
of eritical  speed from date obtainsd at low speeds.

Langley Memorial Aeronautical ﬁébqratorx, . )
National Advigory Committee for Aeromnautics,
Langley Field, Va., September 11, 1939.
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